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Exper ience~ ;~ COBOL compiler validation J~~~~~~~~Pnn~~
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1) . ‘ii ‘~ of the ~~~~ 
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11. .. 1 i in ~ i . , i i , I I c .. i~
_
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\ 1 I ~t t I  1(’ t IlI i ( i inpi i i ri,. l’h ot lurt r ’i~uirod in ‘i i v t r l i i g i ’:i’.t ::~~ r~
grains to ? 1 i  i i  it ~\~~t f l I .  1 2121  t i l l  I ‘ a l i s t l i : i 1 ~\ ~c~~j : ’ d

1 1  l i i  f il l  (‘( ) i~ ( I .  (.‘ i , I I i ~ . 1 .  r l(” .t l ! lg ~‘o rVi Cf ’ ( l ~ .’~..’1”~) prior to thl  I uig ’ v i r .  Aftor t i  dolivor of ‘t ii

to :1 i v i i v  of l i i .  S f ~: ar l h v 1 j i n i i n i  1) ivj sion of tia ’ puter i.\ ~t i . ~ i i t  i l i l i r to i i  u t z u u o , a i l i ; II r v:il ~ L:

I )~~ i:i 0111, ! :  i f  liii. N a v y  At i t c in ia ta ’  I )ata I ‘ r i i i . .~ ’I ’g n Iii r i vi~ . aN’ .t~ t i  r a I’ i pi l i r diii n i t  I n ’  I I i i

I Ii p f l h (  lit —‘ I t loit t h u  ~l ) I  1 “ 1 )i “till JuI~ 1 1972 f i i i  I l

~~~~ all (‘1 lIt! ti . o h F .  hr tigl i t  ni t  t h  i”edu ral (~ovornrnent ( b r  i ’~. i i r  i ’  ~ . i t h  th u  ‘ I w o  ~~.~~i i i i i  i : i ~ ~‘ h i ~ it

li:iv.’ :. i~ ’ I t t  i ! 2 I ifltplt~rnuitti ig iiw’ if I hi’ ‘v ’ Is ~f th a t  o l i t i t  i ! i ~~ l i ~~t i t ~- Ii ru - I ~ ni to hg a l ta r  1 a (0211—

the I- ili ni l I Jill ii. Standard. ‘fho Nat i t ia l  Bureau ~f p i l i r s  si~~l~~~ ~~:t i —  i t ~ 1 t r i gr i :u~ ~i ,t i i I ari l  ( ‘ it~~~~~~ i r

,tt dar d ’., i i i~ as the res i ii ,ri~l hi lLt ~’ f i r  t In ’ ih ’vi ’I. j l r n ( ’ r i t  validation for i’ i i . :i :h: ‘F ‘~~ t I n t .  i i i  ii I i , iv ’ a l ’  . i ~ Is ’. n

and i i i  : ‘ i i : t t i ’ ’ 1 Fi deral .~ l)P Statidards , ha.i delegated t iain ’tl inil 11! 0 I i i  I ’ i ’ t L i l  U~ i ( a n  s ’rv i’  0 11011 1 ut i i t

t h  I ). p.t r ’ l i n t  of l ) i ’f i ’nse , awl ther eby t o  ,~ i)I’ES ( Iangiiagt ’ ‘ i l ! i i ( ’ t i t t l  d~ t~~ t .~~~r :,0’ ‘i rri ‘ i ’t lv u n ]  Iii r f r i

t t ~,’ r . ’~~~’ : . l i  .I h t \  I ii’ tht  i po r a tuin  ( i f  a G ( i V ( ’ r l k i l l ( ’ l i t — I l l d P  SIIO UI ( I l i i i I i~ ’iI , A ~~ toi I t  ‘ 0  I’  i i  2 :  i i , r i t  U - .  u t t i . ‘n
(‘ I lilt ii, I ‘ t u j i l i r ‘l i st i ng Si’rv u’o . t h is r~~poristhi l t t v  i~ 

a 11( 1% Vi r~: :  if a ‘ min lor or .ip(’ratlrtg O r ,  ‘1 r i ’
i i  i g  1 ’  t Ii ’’ l”( ‘

~ 
‘1, 5 t hri (ugh t he unplem *’nt at ion and since it wi ll inlrn ( s1ni t ely ri 14.211 ‘2 Ti’ 10 I li i T i ’  VlSi I ~ i t i ’ ,  at I’ .

‘i - i t  U~ Cl )BOL Compil er %ahdation ~ vstem ,’ If a nsr’r l : * -  a! ii ,-~~ 02 ti n -m I diff i ’reri t ‘ I nd iU t i

a ‘ t i I l i r u l i i ’ ,I v , ’ set of routines ii~~d t~ O M I  (~ )BOL 
~~~~~~ 

and ii~ doing program ( l v i  I m I ’ t , t  on all of I i i ’s.’ , l i i ’  : 1st

pi li ‘rs f r  ‘ i i  I n  ‘i wi th  t hi I” ederal (‘( )B( II. Standard ~~ know what langwtge (‘101114 ‘ li t conform t I hi st a ni: ri
• ri 1 1 in I-” sh ‘ral I of, rmation Processing Standards each of the s s t i l l  is . i i  i i i  11 ) 11 if t l i i ’  (‘0111 pIli rt On li i t

‘ 11 I iI a t : I. .~I i l l S  i ’( P. 2 1 3 ,1 pUbl ish(’d hv the ~ atiiin~ l ovs tuii :  shows o i i i ’i: I: ngu tg ’ ’’l . h u t s  l)~’rf rIi u ’ . r r ’ ’ ’ l \

‘H r . ’’i i l  ‘ SI:im iariI~ 
By a r i twg f (ro g rar ’i s  i l .J u ~ .inh ’ I t s  ~ ‘ i ’l i ’tt r n ’v , ’ a —

paper : hi r ‘s severa l questions that arise in Corn— (‘11tH ri ‘~ prograni ~ u 0 i l l  lit v.
pili r v i i i  I. ~t i i l iv  vs lidat i c imp ilers f i r  c rn fi (rn lalI ce
o a st ltid:Lri I •‘ I i ’’ Is I he validati on io ’rformed’~ What

S(’ i PI ’I ‘ i i ’  V \ ! , i F ~\ I I
110%’~ I ‘i ii g:ii ~ i i II. 111(1 11 11:11 (‘ i il(’I(ii,liili$ can he

ut  ~~v 1 i rn t h in ” ‘I’he i t ! A ’~ t t t 2 ’ tr i l l  Ia ’ dist’ussed in turn .
Errors iii conip ilij ig a r i gr: ,T I1 2n t\ i r is ’ I r I I :  a ‘ i h i g l i ’

stat< ’ rui i ’~i t or a part s’ular . 3 :  I l  ,l ,s t : t ’ i ’Ti ) ’ t h t —  S,tn ’ ’’
‘\ 9’. ‘ A I OA lE (‘~ )M i’ILERS” validatio n vi ritu’s tha t it l i t  - i i : : , I ‘i !igit: gu f - i - P O l I O . — a r u

processed corn et lv,  error ’ I i  1’ : I : l i i i i i i i g  laogu:tgi ’ ( - I i!2 ’i t~
h (or, C ’  1 v~~ , I: i ’ i ’ ig  a i’onipili’r is to ensure that may ~Xt ~l i ’vi’ti though ‘ I l I  i i f  i i i ’  si ’ 3 . i r : i t i ’  i i i t ’ i ’ ’TI I  are

or ,
~~r: :n. t i i t , : l ’ an d u’,’ i’ e t t t ’ teithiiut processed “ irrul I

1 I i ; i I i t : i ’ i , t~, ‘~i’iJ I~, i t  the s~ ’r : i : i n t i ( ’ ,s i f  the Ian— ‘i ‘,n l : i l a t i  h i  15 h i t  i’ ll 2 1 1 1 1 1  u i t h  ~i : i t t ’ i ’ l l i ’ \  of th e
r : i r i ’ l : i t ’i i :L” i ’ i ’ i ‘rr ’r t l v  interpret ed . Also, (ib ps’ ‘o h ’  g I l  r a t i -U , hut only ‘‘Ot t i: t b  d i ll ’  is 1 ” d : i  ‘.1

(~~~i F’ .. ‘: r ’ ’3 ri : : to tI l l  I ing . i : ig i ’ , ,  validat ion ~ho~ ld (‘iirri ’c$ l~ . A y al ids t i i t i  ~ t — i  ‘ I ’ -  ( 1 ’) ’” . i t  t i ’ s ’ t t r i 3 i l ’ri ’t : t r
________ ~ t i i i ’  t i l l  ~~~ ‘t i f  imp h mentor defined specifications ext .efl$iOiLS ti the h1 ig n g  If t i ’  IIIq 4,’ni ‘‘Ut ,iT ’ I i 2 ) ” I  Ii ’

a a l t  a r ’  ‘ il l  - i ’ ]  I U i ’  ~ anilard . caus ’ problems in th e ‘n aoii: ird l : i i i g i i a g i ’  i ’li ’ni , ’n 35 , a viui da
( )  I I .  re I T  t i  n i  ‘ p hases in I he ( ‘((nlputc ’r sv st  ems acquisition t, ’)n will ident i f y  I t i ’s i ’ ‘F r : irs i - l i t  ar t y i F” N IH t he ‘si’ I

i i i ’  Ii ‘ h g  a t iS ’  a v :iiidao i t i is import -ant. Prior to si ’Ie e— the language i ’ ~~ i ‘fl~~I ’ : —  t t~i ’ t m~~’ i  vi ’s w:i I ‘ i t  ill’ 11i., ’ ,vu r i d

W l i i ? ,, 1 v a l i i l a t i ’ r , of the  i ’i n t ; i t l i ’r ’  f i r  the various ~‘s te rns  during valid ation.
I i s l i g  P 3 ,~i ’ l  ‘ I t  t ’ ’ : ~ t O  i t ’  a F~art ci f I h . \Ot ’’hnt  evalua— F ina l ly , whil e  a va - ‘Ia i , t ~ w r i t  i i ’ s  1.robl,’rn .1/ ‘ ‘:15 i i i  i i i

‘ : i n .  ‘ t ; ’ ’’ & i ’ , t i~~ - i l  r sv ,~t i ’m has lo on select ed, a val ida— ut-a ’ id ‘.t a t , d :ir i i 1 ’ i n g I I J t - ’ i I. t i l l s  a , th  a given i’ ’ i rn; l I i i ’ r , I ’

J i b ,  ‘f I -  I F ’  ~.‘‘ t  i ‘ ‘ 1 :  o r  ,i r a h a t ’:iI t il: i t i l l  i t  t in’ compiler cannot indicat e t I  ‘ a l l : s i t  I. ins ‘i f  I he “ I i l l  I i l i  -r err ‘F.

~~~~~~~~~ 

‘ I . ’’ P r~~’i r ’”~ i i —  I - -~~‘‘  ‘I ’’ ’ areas if ni n , ’ , t i f , r n i , q t i i ’ i ’ ~t t  I t h  disciwert ’d
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418 Nat h iou ( ‘omputer Conference , 1974

I ’Cu ’I’S COBOL CO MI ’ILE R VAL I DATION tr eated as a o n in i i ’ t i t  ‘I ’IH ’ si iir ce paragrap h fol lott in g t i n ’
deleted paragrap h contains l)r ( ((’*’dur (’s wh ich i t : i l i ’nt ‘ t l i i ’

‘ftc validation of COBOL cornpi li’rs l iv the Federal test has bel ’ll deleted ,

(‘t 1 BO L i, ‘ii mpilt ’r Testing SerViCe is per fi it t i  d using the The (‘C\’S cxi s Ot  ivi 0 iut inc e iii ui iis an (‘d i I i i tg  cal a i~ l i t  t ’

( ‘ t )BOL Ci ni 1ii h r  Vali dat ii in System t ~ ‘~~
‘ VS , whu ’li was Which per itit ts addit i in , d l i  ‘I a i l l , or rephe ’enu ’itt i if 5(41! ‘i l ’

(I(’velop(’d by I he Department of the Navy l’rogranuming lines at the au dit  EliO t Iii ’S At  o r  a ,i audit rou tin , ’  i i : i s  I - r i
Lan guages S . t  ion under the direction of Capt, Grace ‘ti flitodifi(,d -a that  it n i t i s i ’ t  s it oti l  t in ’  latiguagu el ‘ i i i .

I i ,  3 ipi ‘r , ‘SN I t ,  The (‘(‘VS consists of audit routines , their that the ci lin i h r  : i i ’ i ’ i ’  I t s , t i l l ’  ri iut itii ’s ar’ iga ( h i  ‘ ‘ i l  i 3 (  l i d
related data and an executiv e routine . Each audit routin e is and ( X( ’( ’iit ( ’d ,

a Cl 1HOL pr g r an i , and includes many tests of individual All of th e stippi i -I ing I i  i i i  ‘ilu r,’s f i r  vt ’r ifyi iig I! ii i  ‘t f i r  a

Ia h g :  i: ’,gi’ el, ’inen t s , Sti pp r t lug proc edure s indicating the test passes or fails is Coil 1 i in  ‘(I I i i  , ‘a(’hi ~ iti t i t  II’ , A t  10 1 ( i l l

ri ‘su I t s  it t he tests are ii~clu~ht ‘d in each routin e, The audit report is pri idu i ’i ’d j ‘I , ii( ’i( t ing t hu actual ri ‘siil I s  if i ‘:u’hi t ‘ -.

F l i t i I ( i ’s (If th e CCVS collectively contain the features of and , when a test fails , the expected r esult ,
Fed eral Standard COBOL.

Thi n ’ ar e certain adjustments which must be made , , ‘ ,, ‘
‘ i i ’  t i u ’  audit r outir ii’s can be comp iled upon a given ADDI FI O N A L I ~‘ FORM A l  ION 1’ ItOM ( t b M  P IL l ’ , I t

c n t p i i t i ’ r  ~ystem , First , nam es allowed by the COBOL VAL IDATJ ON

st ztn: Iar d to  hi’ ifl lp l( ’flleiit o r defined must be inserted into
th e , i t i Iit reli t i r i e s  before they can be compiled. Second A c(iinpih ’r validation id en t ifies it i a n y  c l i ar ai ’t er t st  ii ’ s

s ’. Oi’in c( intr ( il  cards are required in order to compile and 
a h u h  can he used in eoni~t :ir iug compilers . 1)ui ’ to ( ‘( i lui l ( i I ’ ’r

execute :u ( ‘OBOL program. F’ile specification and allocation errors , valid syntax in the audit routim ’s may Ia ’ ri ’j i i t t

ut ri ’ ‘tl ~’ regulated by system control cards and additional or the resultant obj ect pr iigr atn may ahi rt dur ing ‘‘xi i’u-

el (ntr ’  41 cards are usually required by programs using thit 
tioii, The running of the (‘( ‘t’S on a syst ’!n sup l i l i ’s i r i f ’  ru in-

(‘1)1101 St JET verb, Th ird , the given system confi guration tion concerning the etleetiyctii ’s. of diagnostic t i l i ’s sag . ”

may not include a hardware device or capabilit y required The effort r equired i i i  locating t h e s~ii ir < ’e code wh ich n i i i~~’ ‘ii

by ‘a ole of the test proc edures in ti ll (‘CVS , for example a execution to terminate a imori n nll ~’ cait also he :iss ‘i’si’(j ,

sv t t i ’ t i i  which dil l’s not support multiple unit assignment 
‘i he proceduri” tised in validating a comp iler gin ’ i t i f i r—

fi r ti :’’” storage devices, All references to multi p le units mation on , a system s ability t i  (‘xe( ’ut ( ’ a program r if t e r

must hi’ ileleted for the proper compilation of the audit fatal compilation error s have been diagnosed , ir t ho ’ offi ’i ’-

- J’ign in ’s l i i i  tha t system, tiveness (I f a sys t i’m supplied i pt ion for skipping i ’x i ’i ’Ut i i i
if fata l errors are I ’Zi ( ’ ( i t i l i t ( ’ l”  ii 

‘

Some minor programming aids may also he (IO n ‘T’ e(l
l : X ECI T ’l ’lM ; THE AUDIT ROUTINES during a validatio n. The au dit r i i l i t i f l ( ’s  (‘a lt bc ci ’m iii li ’d

using options for cr 55 refer eiu’e listings of data —n nm ’s and

I b i l i l i l  pa r arn (-t ers to the CC\’S executive r ( J Uti t i ( ’3 OP I CI fY pro cedor e—n anu ’s. ~ l i i i -  ( ‘on lpil( ’r s flag blank cards. l it S i f l i’
t in ’ irnpk’mentor  names , hardware dependent language cases, we have uncovered hindrances , The slippri’ssi iill of

eh ’mem its to is’ deleted , and the operating system control the pr in t in g of t li ‘ i i i i t  I’ 1t5 (if i lu nu its 73 I lt~ ug h SI I in a

i ” i r i i s  r i ’quir ed to compile the audit routines on a given source listing is , for example , a hind rance t i ai i yot i e  r o l l — f
comput er systi ’n i, The executive routine creates a file con- ning the (‘( ‘\ ‘S, since the (‘(‘\‘S executive r, i i t i m u ’  1151’S 3

ta m ing the audit routines with implementor names inserted columns 73-St) I i ’  indicate  wheth er a si it ir ’( ’ its ’ h a s  t i - i t :

in th( ’ prope r place in the source code, and the operating replaced or adih’d ,

svs l i ’tn  control lards required for comp iling and executing
i o h  rotit ni’,

‘l ’hi’ audit routines in the CCVS consist of source code 
THE \ ‘Al ,I DA’I’ION SU M M A R Y  ltEl’OR T

wh i i ’t i  is svt i ta ct ic al lv correct; the routines do not contain ‘ ‘ ‘  ‘ ‘

h i l l y  t e st s  vhi ch deliberately introduce incorrect syntax . 
The output of a validat Ion is a o’t of listings fr om the

Thus each audit routine is expected to compile without 
executive rout ine documi ’nt ing the st eps taken in preparing

crr ’ r ’ (Th i” is frequentl y not the case We have encoun— 
programs jobs for ( ‘xi ’( ’ut i on; the compilation i f  (‘a(’h pro—

lur i d  “ St , i t i i ia r i l ’ comp ilers where syntacticall y correct 
g,rarn ; and the execution report f each pr~~~r am , These

s,,ur cc “ d i  : ,oj ii fat a l diagnostic nu’ssages compiler 
listings const ituTe the raw data from which a ~‘al i i ln I i ’ i n

aborts , and even compiler loops.) 
8iamm~~~’ Report (% SRi  is produced , (Aii y r t t t f ’n i p t  t i  ia’

Vu hen 1111 aud it routin e does not compile , (hr complete ~he raw results for ( ‘valuating a c lml)iler would he painful

, t”i ’(O ion normally,  t i n ’  sour ce code containing the language 
indeed due to ti e’ V lume (If 

- 
pap i’r inv ( i lv. ’d Till’ \‘Sit

1 4 i ’ t I I i ’ h i t t  ,vh~ ’hi the compiler could not handle is modified 
piovidi’s the following i i i f ( , rmat i ( , n :  

‘

or del ’t . d ‘1 he t ’ ’st s in the PROCEDURE DIVISION of ( a t  The stat -us if t l ~~’ compiler in re intion l ’i  ( ‘nul l i f  t i l t ’
‘ i i i ’  i in i , t t  rout iii ’s are coded so that. a test is delete !! by four l - ’ sl( ’ral level s of (‘OlIO L as d, ’lin,’d i i i  l i  P~
i( i s( ’r tt n g MITE at the beginning of the paragraph Contain- PUB 21.
ing t h e  te~t , This results in the entire paragraph being (b) A list of language ( ‘lem( ’hi t s tvhose inipll’lnf’ntat let 
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l i i  i’ insist ‘i i  t ‘i it hi the  huiguagi ’ specit icat ii in Tu e  Linguagi ’ slieci heat ii oi s t a t ,  ‘s that an~ ’ of t he SilO l ilt ’
, t ni ’riean Nat ’ i n t l  ~ t :i(ida r d (~t)8OL X3,2 3— 1 968),’ insi ’r thin chiaracters (comma , blank and zero ) insmediateh’

: A his of language elements wh~ h ti r e not imp le— to the right of floating insertion characters are part of t lii ’
ifl( ’itt( ’d dtn ’ t i a lack i f  hardware i I -ot : r v to sup— floating character —striiig T h u s , t he ( ‘ iihit ( ’ ii t s of I h edited

H i t  t i l l  ~~ ‘ i ‘k ’men ts (e ’ .g,, read reversed , hardware it I’m aft  ‘r he t i  st ~l i iu Id I i ’  ~ 123. 45, Thu result iisuall~’
sa it ( ’he s , i t ’ , ) .  The language specification does not obtained for this ti -st i5 $b12 :t ,45.
r( ’quir ( ’ t i i i ’  implementatii iri of certain eleint ’nts if
the~’ are dependent on specific hardware devii ’ i ’s , -

~~~~~~Seque i1uil ai~d ro t ,  ‘a iii ia’i - i ’,s ,~and tin ’ system supporting the COBOL compiler
j t~’’lt ’ (l ii’s :1~ I SUp )( .rt that device, -

‘ ‘ - ‘ The size of t h i ’ dat :i records f i r  a hit ’ n an is ’ ip ’i’i I t  ‘ifi l )  I iif ,rii iat ior i—on l V It ( ‘h is these are necessitated due , , . . . , . ‘, - -
- ‘ 

‘ ‘ - . by the RECOIl I) t 1 )~‘ I -‘u I \~ i n te g er —I J o  i r i t e ge r— 2to t i l l ’  ( x i s t e i i i ’c’ of t hi precisi’ language specifications , . . , , ,  ‘ -CHAItAC 1 ERS claus,’, ‘I ho ’ size of each record in t i i , ’  bluin t in ’ i ’tai idartl. , ‘is defined by th e individual record descriptions and t h e( e t  ( on i t , i l i ’r  ( ‘Iiara ( ’t , ’rist ic s noticed by the validation , , , , ,,
- ‘ , ltF~(-Olt1J ( O \  1 A I N . ” (‘ t O N i ’  i ’  ojt t io nal. If  t h e ’  ( ‘h a i i ’ a ’  Isteam. I los includes the usefulness (i f diagnostic ‘- used , t h a n ’  shi i iu ld n i t  Is ’ any r i ’ s l r i u ’ t n t : s  i i i  t i n ’  I’ i h i ’  Inh ’ssagcs issued , format of the source progra m , , ‘ ‘ ‘ ‘ -seription. Vu ,- hii ’i’i ’ found i-o i: :pil i  t s  whi ch r e 3 u i l ” -  t I ’ -  t i u : t u i —lust hu g, and tinhings and memory requirements for ,.her il c l i : i ia i ’ ’r’. in eai ’I i  nis’ord to he a spi ’i ’ui it ’ni a t t I ’I lii’ a~ uuip ili ’r and iiidividual audit routines, , ,  - -hegninu ng (i f  a record di-si’ripti iti a h,’ri i l l s  clau~ ’ is is ’

This is a nonstandard res t r i ct ion.
COBOl. Cl )MPILEE l’IIOBLEM S DISCOVERED One audit rout ine tor  both si ’ituer itia l and rand oni :ii’i’l ’S5
l)I’ll IN( V \Li  I)ATI ’ )NS fib ’ pr i ic i ’ss it ig  in cludes a (‘ IA )~ i’~ fIle WITH IA )( ‘l~ ~t a t

m ont . At toni pt s a ‘i - t b - t i  m ade I i ( )PEN and It E.-% I ) t lie
Tii’ ’ l’( :C’l’S hias , since it,s establishment , validated COiO — locked file duri n g t In ’  current run uni t ,  ~-\ file tha t  1i:i’ h s ’eii

pih ’r s supplied by many different vendors. Many problem closed with lock cannot be opened again during ex( ’cul Oi iu
areas have hi ( ’( ’ni uiu( ’ovf’r ,’d during these validations, Soi~w (If the objec t ~lriIgrU n i , ,

\t, st of t he sv st i ’ni s  t i ’st , ’d i i ’ . irt
if t hi ’ p~ ihh’ms ri ’ ci n lmnn to many compilers ; others the program (‘xi ‘t Ilt ii iii W i t  h a ti erro r messag(’ I ’ :  I i  i i~ t I i i

occurred only in particular ones, an attempt to acui’ss a locked fili ’ has been made , S ni , - , -
Iii I I l l s  Si a t  i i i  we pr esent ‘a inn ’ of the common pr hleni the syst ‘no 0 t t  iri t il:i t a and (‘(lilt I l iU l ’  i ’xts’ i i t  in it as if

~- - - ,
~~~~~ - ‘t re,’ss.wp hay” dist ’i(vl’red. in ‘‘Standard’’ COBOL compilers. CLOSE W I T H  IA t( ‘K had not i)( ’(’ii ( ‘nieil ( it i t  - r d  ‘ho .siis , , —

pr ibl i ‘in s are gri iuped by the COBOL functional pro— case, the progra in went i t i t  ii an oxocut li rt It s i~ i ~‘1ii ‘ii i i
i’l’ssirlg modti le in which they are foun d, attempt to read :1 l icked fi l, ’ uu-a ,s made ,

,V u, ’i~ a,, Table ha,idlm ’ iq

lii i \‘ t t ’ ’l ’ “ ll: Lr a i ’te r string, any combination of charac— In the ( t J I l I ) L  ‘i’s ) 3 .  i l t ~l i d h i t g  Moill il , ’ . t I l l  i i i  (. 1_ h ”
t ’ r s fr  si t i n ’  i’it n lput t ’r ’s character s o t  is treated as :t ci ,m— DEP ENI) I ~‘, ( O~’i i ( }it i ( ( i i  s i t i a ’ i t i t ’ s  a 1:11 , 14’ whose ii ’ i ~i~I s r
n u n’  Is’ st r i ng  ar Ia ’ rs h i the sourci’ listing, but is not , of i icc lir rein ’ec y . i r h ’s  i lu r ti g ex i ’cu t i i in ,  The nuhii(ii ’r i f  i t  -

i’ nt pih i ‘ ‘I - !- ‘r( ni t i n ’  N ( )T E t (‘St S included in till ’ Cf’VS we in th( ’ table do ring ‘Xi (‘ut it n di ~ ‘~h i ( 1s ‘iii  11)4 ’  ~‘al lie of the
have f i , ’ t , l  t hai  most t I  )BOL ciimpihi ’r. s choc k the syntax data—name in tin ’ I )E I ’ ! ’N!) lNt  ON i’ lau s i ’  If a SEAh ~(’ lI

- f a N I  o h ’ I’ . s t a t  em(’nt , u ’ an example , one ni f the  t est s  is a statem ent is eric , iut iterod Ii it’ a Va n a b  i i i ’  tabl e , t hii ’ last
~“ ( )TE sent - n e  conta In i n g  a single ‘ (QU( )TE) i’har acter. ent rv iii th u  I at -I ’  is d~’tiio ’d liv I he (‘I iflt i ’n t~ of t hi ’ d i i  —

I” ‘m 3 ’t!i ’N gen(’ratl ’ a message in dicating an illegal nani, ’, S,imi’ i ’ o r : i i i i i i - r s  accept lii!’ 5’ ‘ita x for t h u  t~il l i  ,J , ’t in: —
alpj it r iun i ( ’ric lit er a l fi irn iat was used since :ui al phanu m eric t i m , hot th e ta u ile is H lwavs ~ouisidered I ‘ be i t s  h t i : t \ i t i i U n l
l i teral is a i ’hti r :,ct , ’r string enclosed in quotes If the NOTE size in a SEAR( ’iI s t : i t t ’ n i i - t i
~t a t i - t t ’ t i t  is i i i i t he first s,’ntence of a paragrap h , the Xl )TE

t n i imi ’iot  , t ids a ith the first period followed by a space. On Segmentationm a n y - v  stem s thou gh , the first period , with or without a
t ra i l i ng  space , terminate s the NOTE comment arid at tempts

An indc ’pendent program - “~ i , u ’ i t  (s expec t e(l t , ,  l ie inar! made I t  eornpiie the rest of the comment , , , , ,  ‘ ‘ , -

Then ’ are te st s  of the ADD and SUBTRACT COItRE— its in itial stat ’ each time t i n ’  - .i ’gu , i ’ t i t  is made av s’ ln:t l i ’  to 3
— . ‘ , the program. fhere ar - cottipil”rs which do not r ’ ’ t i , r - the

~‘I U~\ DU a ( ,  statements with matching items requiring , , , -
- ‘ - ‘ , initial  state of mt idepen di ’iit program SO~~fl~~’rlist iv ’ -  lev is of qu ~al it : ’- a t  t i l l .  M(i,St compilers give diagnostic

err or ihn ’s s iges  f i r  l u s t -  t i ’sts , I, ’it in s’ime cases the com—
t t l: i t  a ‘ i t  of t i e  lirogr am ~~as terminated. Library

A ? i ’ ~~b of t h u  floating insertion editing capability included
in a \t iclc ’t is module audit r((utin e moves 000123.45 to an The COPY statt ’ni ’-nt w i th  the REPLA(’I N ( iiptiori
eh ’t iui ’ntar y item with a PIcTURE clause $$$B9ft9.99. allows the us”r f copy librar y t i ’xt , replacing each occur-
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o nce u if a ~.
- i rd in t lii’ text  wit hi a new word . A  variety of whet her t he e li i iuii iat l iii of a sign is i i i ’  ‘lunled , I i i  r I ’  -r

pni l i lh i ’ms n ay , ’ las ‘ii f ound whi ’ri exercising this opt ion in determine tI n ’  result f i r  a particular i’ in i I UI ‘r , I Is’ if p b i a
hi ’ a ~il it  ri nt u n’s . (l ,i~’ compiler corr (’n ’t ly h~i uidhi  ‘d a COPY numeric item is test oil for a n iu um i t ’ri n ’ value af t ,  ‘r m i  u vi i

REPI ,ACI N t  stat enu ’iit , hut in a subsi ’quo’iit COPY + I aiid a — 1 t ot t h e  alpbi an iunm ’n ic item.
w i th u ut th i t ’  Il1 ,~I’1~. ’u ( ’ lNt~ u i p t i t in  of the saiiu ’ l ibr ar y text  Tho’ Use (if t p h i i i m i : i l  words is i nk - f i r  r ’ ’ iu d alnhuts  a m 1  t I i i ’ v
a t i n ’  we re r,’plio’(’d whic h should not have been. This are not supptisl ’d to i’ffect the m ean in g ‘if t h i , ’ 51 a t ‘ti  i - n u t s
c:i us, il und i ’t i i I’d data—nanu ’s during the prograni com— However WI ’ have f iui id one cast’ a In ri ‘ I lii ’ p n ’ ~ i ’ t , t ’I’  I t )

p i l anui i n .  the optional word ‘ IS’ changes t I l l ’  n i t ’au i i mi g of a ~(a (  i - i t t - u i
M:it v i ’i i u i ip i hi ’rs  p lace restrictions on the REPLACING One of the audit n u t  m l ’  te sts i.~

t h i t i o m i  which are riot in t hu  Standard, Some of these restric— IF’ A = B A NI )  IS Nt I I ’  ( h l l : - ’u ’l ’I ; Il ( ‘ ( I t
m i s  art ’ thi at a qualified n :ani~’ ci iuld nut be replaced ; a

d a t a — u i a i u i l ’  ‘- t tu ld  not hi ’ replaced Ii a subscripted data— The presence i if t hit ’ a rd ‘ IS ’ It ‘avi s in i di iii  it t l i :i I \ ‘
11(0(11’ or a data—na m e could miu it be replaced in an 01 level is part ni f the relati,inial i ip( ’r ’at i r Nt  )T Gil  l’ .’u T l ’. I t  \ -

‘ ‘m i t  r\ - in ti e ’ I)al a Division, result, the (‘x paiisii ii g ives

II” A = B -‘uN! ) A IS N~~’I’ ( ;I t I : . \ TEII  (‘ t , l~
.1 I~ ,VOT (il?ir , I TJ ’~J ? I).,“iiir t

But for the (‘um n l b i i i ul ’d ihilirt’viati’d retat t u t t i l i -  i i i  I i i  -

,t fri’i1ui’nz r o ’ s t r i l ’ t i l i n  encounter ed in the SORT module II” .-‘u = 1! - ‘uN I )  N : IT ( ;nI ; , ’u  l’i’il ( ‘  oIl I )
Is a linii t u tiun in the specification of the minimum number

the language speci I cat til l) stall’s t ‘\ l) l ici t lv I h at  t h wi rdiii  cb iararli ’rs i i i  a ‘ a r t  record description, u sually the corn— , , ‘ 
‘. , .  -

‘ . ‘ N O’! is part of the  li~gii ’a ! o’ ’ i i i t i ’ ’ i ’ t  I in -‘u N I )  N ( I I  , m i i il il lat l om i t i f  the ~ i )B( I .~ source program will not cause any
- ntit part (If fbi ’  r l ’hitmlm r ial i ip i ’r : it i i r  NO!  ( . l l I . . ’u h I - Il l ii ’di agtit  st it ’ messages, but when flo e sort program is exe—

effect i if I h( ’ rul i ’ causi’s the stat  i ’nu ~’m t I i i  1)1’ i ’ xl i~tn i do ‘ii socu i i ’ uh , a message indicating incorrect record length is pro— ‘

d ‘ ‘ 
that the Nt  )T us associated w i t h  t i l l -  im p o ’r’ arid called & . andu~ d. , . . not associated wi th  t l i t ’  operand called I) -

P r Iili lm ’ll i s h ave anist ’n wheiu on e  of the sort keys is dehned
as a t ’ignu ’d u iunu ’ric field. ~‘or a sort on ascending keys , 11” A = B AN I ) NOT A GRIt ~ATER (‘ 011 ,-I (1Rb,’,-t Tb,’!? 1) .
iu’gativ i ’ values should appear -befor e positive values. In , ,The presen(’e of the word ‘1~ in the stat em( ’mut can ui id( ’( ’dS i i i u l i ’  t a t ’s , signed nun,e~ic items have not been sorted in , .

violate the la w of least aston ishm ent,the i ’oirr t ’ct order because comparison was based on the
The discovery of problems in tests 5(1db 55 tliost’ do -i i ’ t u a l  b i n a r y  structure of the data , and not the algebraic . 

, ‘- 
‘ scrihed ai)ovl’ has resulted in recommendations for lan gti ag l ’vhi I ’ ii - tos s ,  i cua tt ’d wit  Ii the data. , ,.  ‘ ,clarification to the  American Nat ional  ~ t andards ln~t i t iu t o ’

Technical ( ‘iimmi t t(’(’ X3J4, which ha,. t lie re s 1i i l t i sihi l i t  V

1mp1e-n ’i’it~t il ‘ ti ll i-ar : ation s for the nia in it oni an ce t , f  X3. 2 3—i 9t) S (‘Ollo ) L.

A ful ’ may contain mult ip le record descriptions , with each REASONS l”OR FAILURES IN EXE(’t ’Tl N~~ ‘I ’Hl’~
rect ,r , i having to different length , It is important for a user AUDIT ROUTINES
to kt ’ow how much external storage media must be allocated
f u r  r ( ’c(I~~~s i,~ a given file. In order to compute this a user There are si veral re asuim is wh i~’ ’i c( i mpiler may he imp le—
must know if a given imp lementation always writes records menti’d in such a way thia t  there are discr op amici( ’s hi ’taei ’n

ti t h i ’  max , . , i t i m lengt h , or if variable length records are the languagt’ usp ecificat ions and the r( ’S(ilt S gi vo ’t i  liv the
u v ni t t em i .  This wIlul d hi’ especially significant if most of the compiler. TIot ’ n ii us t  ( ‘ornunoni rt ’astIui f u r  dis ’ri’pnmn ’ii ’s is
nr ’cii r u l s ut i  the lili ’ were much shorh’r than the remainder, simpl y due to logic t ’rn irs in thou ’  ( ‘Iln ip ihl ’r.  Ti,i, ’ ‘tin h a ’
‘ I l i t  ugh not r ( ’qi iinu ’d t v  the standard , a great- deal of cx— attributed t t i  lack of adequate ( ‘llntr (,ls in pr itduc ii ig corn—
li ’r n al  s torage sp:ii ’i’ is wasted if fixed length records are pilers.
w n i t t f - ’ i  A second reason for differences iii tin ’ imph ’um ’nta ti on is

3 lo re a r ’  pri ict ’dures in l’~ th  sequential and random the misinterpretation ii i  the language specification ti n t h e
Sect so aiu dtt  routin es which create a file containing variable part of th,’ imp h ’mentio r , One t ’ase i t u  l ) iiii ut (which t in s  h~~’ti
length rectirds , and in the subsequent reading of the file test noticed in several compilers) is the use of the wtir d ‘l ’Hhlt’
if the  sviiti ’m cr i’a t es all records as the maximum fixed length. in the current standard (X3 ,23-!iW8~, I n m any sls ’( ’ih cat io iu s

As to ri’ s i !t (if i - ’ i ~ validations , we have changed some tests throug hout the documncu it , the word THI11_’ ap i l ’:irs as
h I  t n i t i i r n i : o t u i  in  ‘o nly tests becausi’ of language ambiguities. follows:

n i \ :Ini) iii’ , t i i ’ r , ’  is no explicit statemeiut in the Standard ,
, ‘ PERI ’ORM procedure-nam e- I THRI procedurt’-name- 2.i,’, l i t  i~li at th r lsu lt  should be when moving a signed nu- 

FILE—LI M IT literal- I THRU Iiteral- ’2, ,‘t c.n io ’r i ( ’  t t , ’ i i l  t , i  an alp hutuo un ui ’rmc field, There are statements
siigg t’stinig that any appropriate conversion take-s place There is nothing in the above syntax which indicates t h a t
‘ i u r t t i g  an elementary move, hut there could be doubt as to the words THI-lIT and THR()U GII  are inuten ( ’h ang n ’ahlli ’ . 
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Tb ’ only ri’ference that i’stablishes this little known fact • Will the u ’ ,nnpi ler gI’uuerutt (’ the appropriate object ct,dm’ to
i - th u  ri ’st’rved word list where they are shown to be equiva— Sult - iS fI ’  the ao ’m aii t ic  requinei iit ,n ts (If the hanguugt ’
l i n t , Thus probably accounts for the f a t  that we have speeificati( Imus ?
idi ’ntifi i’d several compilers which do mitot allow usage of • What u iu ilat enial ai:t ioiis dt~~ the comnp i l u r t ak t ’  wh i , ’ii
TH 1U)UG H. th(’ lamiguag’- s lI ( ’cul i ( ’Ut i ( , iu  hi ’avo ’s tb ’ r esu lt up t t i  t he

tnt ’thi~r problem is the ambiguity that is inherent in a imph ’mo ’ntor?
I:iiiguage as complex as COBOL. These are areas in the
cunru ’iot language specification that , at best , are ihi—defitu’d, The results of over a year ’s work in validating a varum ’t v
amid I lie in ip h ’ii o ’u itor must make. a unilateral decision as to of comp ilers iu idic at t ’  that there na not be a co mpiler whi ch
Ui ’ - , I i i - (’, ’t i t l r i  th u , imple’mentation will take, A good example completely confi ,rnis t u i  l i i i ’  C()I3O L st an dard l t i  a l w
witui d be the default act iumn the compiler takes for a WRITE cases we wI ’ni ’ t ( ’nipt i ’d t i  que stui  ‘ii whi t l a n  l i i i ’  c i i u l i j o i ! t ’ r

t’tiItt ’ili( ’flt to the printer , ~vhi ’n the ADVANCING phrase is was in fact eltmpii i ui g Ct )BOL , or S u u f l i o ’  IIt1l (’r la i i~’u t g ’
n u t  specified. Based on whether the default assumes WRITE similar to COBOL!
BEl t >111: ,-‘u I)VANCING or WRITE AFTER ADVANc— The r(’asi)ns for the a r n t , i i t i t ,  lof non -confournuanurt’ or diivia_

ING in appropriate spacing or overprinting of lines can tion from th u lan guage spt :cificat iuin can be lilarui ed litlrtl y
t t , ’c ur ,  ‘I bis was recognized as a shortcoming of the language, on the 1968 COBOL Standard. \ l i is t  of I t t - s i ’  1it ’ t i t i h - i n
amid subsequently corrected so that a default is n~ w specified . areas havi ’ been reso,lved dur ing the d ev elou i u i i :o ’i l t  I’ I h

revision t i  X3.23—1968. A~ a ‘‘stilt , we fee l t f ia t  wi ‘au
expect to see better cimrn p ilo ‘r~ sin uct ’ t 1w latiguagt ’ spi - u -i  t im ’ t i ’

RESOU RCES REQUIRED ticons are tig h ter arid better defint ’d ; tli ’ idea t i  p r t i v i i l u t i g
standard compilers is being (‘niciiurag( ’d in th i ’  mark etp lace

An acc (oUmiting summary is prepared for each validation by the users ; amid , most inip ( t r t ant ly ,  lvi’ havt ’ a nii ’asuni ’-
pt ’r fui r n i ial , ‘l’his summary includes professional personnel ment tool whii’hi (‘an be 115111 to determine th t ’  do ’gnt ’I ’ l t ~t ime ton required modifications to the CCVS (to accommo— which a compiler conforms Ii ,  t h u  Standard,
date any c.urnpih’r peculiarities), site visit for acquisition We recognize that the Validation System is iits ’essanii y
of ran data , evaluation of raw data, and preparation of the incomplete. But wi ‘t isli are convinced of tIn ’ iri ptt rtau iu ’ ’
‘u SE , and processor time required for executing the audit (if havin g some capability for measuring the I 1 ( i t t l i t V  i , f
riiutities , An average validation has thus far required 73 software , Vo’huat we have harried during t h e  hs ’n iod wi hi t iV i ’
hours of professional time and 29 hours of clerical time. been validating I ’i)mnpi !ers confirms the importan( ’c of si, ft-
The processor time will naturally vary with the computer ware engineering, amid thereby the importance if amuy uli t’ a s-
used. Execution of all the audit routines takes approxi- urement tool which re sults in software quali t y imp t - tu ve-
mately 20 minutes of UNIVAC 1108 processor time. We me-nt.
1- st ima t i ’  th ~ average cost of a validation to be approxi-
inate ly $1,000, although these figures are subject to wide
v :or ia t iit nis . REFEREN( ’ES
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